retreatment requires treating the infection by removing obturation material, debris, and microorganisms. 5, 6 The most common root canal filling material is gutta-percha in conjuction with an endodontic sealer, and its sufficent removal is considered fundamental for successful retreatment. 7, 8 Several methods have been used to remove root canal obturation materials, including the use of stainless steel hand files, NiTi rotary instruments, ultrasonic devices, reciprocating systems, and laser irradiation. [9] [10] [11] [12] [13] [14] [15] In addition, organic solvents have been used to make easier removing the gutta-percha and sealer. [16] [17] [18] Guttasolv is an eucalyptol-based solvent recommended for softening gutta-percha core material. 19, 20 The major causes of root fracture due to endodontic treatment are access cavity preparation, root canal shaping, pressure applied during obturation, and post placement, and retreatment procedures. [21] [22] [23] [24] [25] [26] [27] A limited studies have evaluated the effect of retreatment procedures on fracture resistance of roots, but, to the best our knowledge, no study has investigated the effect of using solvent with different retreatment techniques on the fracture resistance. [28] [29] [30] The purpose of this study was to evaluate the effect of Guttasolv on the fracture resistance of the retreated roots using manual technique, Protaper Universal Retreatment instruments, and WaveOne reciprocating system.
MATERIALS AND METHODS
Seventy extracted, single-rooted human mandibular premolars with similar root diameter and length were used. The teeth had been extracted following obtaining written informed consents from all participants. The study was ethically certified by the instutional review board of the university (KU GOKAEK 2016/109) according to the World Medical Association Declaration of Helsinki. Teeth were kept in 0.12% chloramine until needed. All teeth were decoronated under water spray in order to adjust the remaining root length to 14 mm. A size 15 K-file (Mani Inc., Toshigi-Ken, Japan) was placed passively until it reached the apical foramen under 2.5x loupe magnification (Heine USA Ltd, Dover,NH). The working length was established as 0.5 mm shorter than the measured length. All root canals were instrumented by the same operator with Protaper Universal (Dentsply Maillefer, Baillagues, Switzerland) nickel titanium (NiTi) rotary instruments till size F2. The root canals were irrigated with 2 ml of 2.5% sodium hypoclorite after each change of instrument and dried with paper points.
Root canals were obturated using cold lateral compaction with gutta-percha (Diadent, ChoongchongBuk Do, Korea) and AH Plus (Dentsply-DeTrey,Konstanz, Germany) root canal sealer. To ensure settlement of the materials, teeth were stored in 100% humidity at 37°C for one week.
The specimens were randomly divided into seven groups of 10 for seven retreatment procedures.
C Co on nt tr ro ol l G Gr ro ou up p, , The root canals were not retreated.
G Gr ro ou up p 1 1, , R Re et tr re ea at tm me en nt t w wi it th h G Ga at te es s G Gl li id dd de en n d dr ri il ll ls s a an nd d s st ta ai in nl le es ss s s st te ee el l H H--f fi il le es s-Coronal root filling material was removed using size 2 and 3 GatesGlidden drills (Mani Inc., Toshigi-Ken, Japan). Gutta-percha removal was initiated by Crowndown instrumentation using a size 60 H-file (Mani Inc., Toshigi-Ken, Japan). The endpoint of instrumentation was carried out with a size 30 H-file that reached the working length.
G Gr ro ou up p 2 2, , R Re et tr re ea at tm me en nt t w wi it th h G Ga at te es s G Gl li id dd de en n d dr ri il ll ls s a an nd d s st ta ai in nl le es ss s s st te ee el l H H--f fi il le es s w wi it th h G Gu ut tt ta as so ol lv v--Coronal root filling material was removed using a similar technique as Group 1. After the Gates Glidden drills created a reservoir for the solvent, 0.2 mL of Guttasolv (Septodont, Cedex, France) was injected into the root canal, followed by a 1 minute wait.
G Gr ro ou up p 3 3, , R Re et tr re ea at tm me en nt t w wi it th h P Pr ro ot ta ap pe er r U Un ni iv ve er rs sa al l R Re et tr re ea at tm me en nt t i in ns st tr ru um me en nt ts s--Coronal root filling material was removed with Protaper Universal retreatment D1, D2, and D3 instruments (Dentsply Maillefer, Ballaigues, Switzerland) at 350 rpm and 3N/cm torque. Root canal filling was removed by the crown-down technique until the working length was reached. 3 3 G Gr ro ou up p 4 4, , R Re et tr re ea at tm me en nt t w wi it th h P Pr ro ot ta ap pe er r U Un ni iv ve er rs sa al l R Re et tr re ea at tm me en nt t i in ns st tr ru um me en nt ts s u us se ed d w wi it th h G Gu ut tt ta as so ol lv v--Coronal root filling material was removed using a similar technique as Group 3. After creating a reservoir for the solvent using D1 instrument, 0.2 mL of Guttasolv was injected into the root canal, followed by a 1 minute wait.
G Gr ro ou up p 5 5, , R Re et tr re ea at tm me en nt t w wi it th h W Wa av ve eO On ne e r re ec ci ip p--r ro oc ca at ti in ng g s sy ys st te em m--Coronal root filling material was removed using a Wave One Primary file (Dentsply Maillefer, Ballaigues, Switzerland) in reciprocating motion at 350 rpm. The file was used in a passive manner and cleaned after three in-and-out movements.
G Gr ro ou up p 6 6, , R Re et tr re ea at tm me en nt t w wi it th h W Wa av ve eO On ne e r re ec ci ip p--r ro oc ca at ti in ng g s sy ys st te em m u us se ed d w wi it th h G Gu ut tt ta as so ol lv v--Coronal root filling material was removed using a similar technique as Group 5. After creating a reservoir for the solvent, 0.2 mL of Guttasolv was injected into the root canal, followed by a 1 minute wait.
For all groups, root canals were abundantly irrigated with 2.5% NaOCl during the retreatment process. After removal of all root canal materials, and F2 Protaper rotary instrument was gently applied on root canals to remove residual filling materials with NaOCl irrigation, and the root canals were obturated as described above.
Tooth roots were surrounded with a 0.2-mm thick layer of a polyether substance (Impregum Garant L DuoSoft; 3M ESPE AG, Seefeld, Germany) and embedded in an autopolymerizing acrylic resin block (Duralay, Reliance Dental, Worth, IL) up to 2 mm below the cemento-enamel junction in order to mimic the periodontal ligament. To determine fracture resistance, teeth were forced to axial compressive loading using a 3-mm diameter steel rod placed at the center of the roots at 0.5 mm/min crosshead speed in a universal testing machine (Instron 4411; Instron Ltd., High Wycombe, UK) (Figure 1 ). Fracture resistance (N) was recorded for each tooth.
Data were analyzed statistically using the Kruskal-Wallis test at a significance level of p < 0.05.
RESULTS
Fracture resistance values are shown in (Table 1) . No statistically significant difference was detected among groups for the fracture resistance values (p> 0.05).
DISCUSSION
Successful retreatment depends upon thoroughly removing obturation material, necrotic tissues, and bacteria from the root canal. 28 A limited number of studies have evaluated the effect of retreatment procedure on fracture resistance of roots, but, to the best our knowledge, no study has investigated the effect of using solvents with different retreatment techniques on fracture resistance. [29] [30] [31] Because many previous studies have shown that root canal preparation and obturation procedures decrease the fracture resistance of roots, unprepared teeth were not considered necessary as a control; rather prepared, obturated teeth without further retreatment were used as the control group in the present study. [22] [23] [24] [25] 32 Khalap et al. compared the fracture resistance of endodontically-treated teeth shaped with Pro- taper NEXT versus WaveOne and obturated with warm lateral compaction, and then retreated using Protaper Universal Retreatment files. 30 Ganesh et al. assessed the fracture resistance of endodontically-treated teeth shaped with a Protaper Universal NiTi rotary system and obturated with cold lateral compaction. 29 In both studies, Endosolv R was used as solvent in all roots for softening guttapercha; however, the effect of Endosolv R on fracture resistance was not evaluated. Both studies reported that endodontic retreatment significantly lowers fracture resistance. In contrast, we found that when root canals shaped and obdurated identically to Ganesh et al. were then retreated with Gates-Glidden drills and stainless steel H-files, Protaper Universal Retreatment files, or WaveOne (with or without Guttasolv), there were no statistically significant differences in fracture resistance values among the control and all study groups (p>0.05). Distinct from the present study, Khalap et al. and Ganesh et al. performed final shaping (after removal of the root canal filling materials) with larger files than ours. This difference could account for the different results between our study and the two studies.
Er et al. compared fracture resistance of endodontically-treated teeth shaped with K-files, using a step-back technique, and obturated with cold lateral compaction, and then retreated using Protaper Universal, R-Endo, or Mtwo rotary systems. 31 They found statistically significant differences among the control and experimental groups, but no significant difference among the experimental groups. It is worth noting that their control group specimens were only shaped and not obturated. In contrast, in the present study, root canals were shaped with rotary instruments and the control group was also obturated.
Helvacıoğlu-Yiğit et al. evaluated the fracture resistance of endodontically-treated teeth shaped by the Protaper Universal NiTi rotary system and filled with cold lateral compaction, and then retreated using Protaper Universal Retreatment files or hand files. 33 Retreated groups had lower fracture resistances when compared to the control group. However, in agreement with the present study, no significant difference was found among the experimental groups. In the Helvacıoğlu-Yiğit et al.'s study, final shaping in the rotary group (after removal of the root canal filling materials) was performed with larger files than those used in this study.
In endodontic retreatment cases, solvent use is advised for easier removal of root canal filling. [16] [17] [18] Chloroform is the most commonly used solvent in the literature; however its uncontrolled use was reported to be potentially carcinogenic. [34] [35] [36] [37] Guttasolv was therefore used as organic solvent in the present study.
The effect of solvents on the microhardness of dentine is an important factor for fracture resistance because the microhardness value can be indirect indicator of mineral loss or deposition. 38 Rotstein et al. showed that chloroform, xylene, and halothane may cause a significant softening effect on both enamel and dentin. 39 However, Erdemir et al. indicated that chloroform and halothane did not affect the microhardness of root dentin. 40 Also, Khedman et al. found no significant difference in dentin microhardness in any of the orange oil, eucalyptol, chloroform. 41 Within the limitations of this in vitro study, endodontic retreatment had no significant negative effect on fracture resistance of the roots, regardless of instrumentation technique used or the presence or absence of Guttasolv.
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